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Continuing our series of articles looking at 
IR-related materials and devices it is the 
turn of the II-Vls, namely the family of semi- 
conductor materials based on mercury cad- 
mium telluride (HgCdTe) or MCT. In this arti- 
cle we overview progress in the labs show- 
ing where refinement is going on to commer- 
cialise MCT detectors. Astronomv and 
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d f e ence are already benefltting from the 
Associate Editor availability of commercial devices and we 
illustrate this with important news from 
Raytheon and Rockwell Scientific, two of the 
leaders in the development and application 
of II-VI-based detection technology. Most of 
today’s IR sensors required for imaging 
arrays in the long-wavelength IR region (8 - 
12 pm) are based on MCT. However, even 
with a long history of R&D there are still 
obstacles to overcome before MCT detectors 
and arrays can fulfil their great potential. 
II-Vls begin to show 
their potential 
Many workers worldwide are striving to perfect 
the process technology to achieve high perform- 
ance lower cost devicesTo do this they are 
adapting techniques as used in the III-Vs and 
mainstream silicon.‘l‘his interest encompasses 
not only discrete devices but also arrays for solid- 
state cameras.They hope to expand the success 
of these devices and thereby unlock the multi- 
million dollar markets in medicine, surveillance, 
astronomy, environmental and weather monitor- 
ing, to name but a few. 
Defence origins 
MCT technology has its origins in defence and 
today it is no less important. For example, 
Raytheon, one of the leaders in imaging technol- 
ogy for defence, has developed next-generation 
IR systems technology that includes a 240 x 4 
detector element focal plane array (FPA).This is 
said to deliver a significant improvement in 
image quality and range performance over ‘first 
generation’ systems.Their use in US Army com- 
bat vehicles such as the Bradley AFV, see Figure 
1, provides high performance which is light- 
weight and modular.Thermal imaging and fire 
control sights provide such light armoured vehi- 
cles as well as main battle tanks with superior 
vision through total darkness, smoke, dust, and 
adverse weather. 
The AIM-9X is the latest member of the AIM-9 
Sidewinder short range missile, see Figure 2. It is 
a ‘launch and leave’ air combat missile that uses 
passive IR energy for acquisition and tracking. 
New device technology provides greatly 
enhanced acquisition ranges in blue sky and clut- 
ter as well as resistance to IR countermeasures 
such as flaresAIM-9X is said to be changing the 
rules of the dogfight through a system design 
approach that incorporates a ‘fifth-generation’ 
staring FPA seeker.As Raytheon says, the seeker 
has near-instantaneous slew rates which means 
that it can achieve extremely high off-boresight 
angles for threat acquisition and first shot oppor- 
tunity. In other words the pilot no longer has to 
point the aircraft’s nose at the target to employ 
this advanced weapon system. 
Raytheon has also applied this technology to 
important space projects. For example, it is modi- 
fying the airframe that will be the platform for 
the Stratospheric Observatory For Infrared 
Astronomy (SOFIQThe system operates at 
warmer temperatures compared to traditional 
220K short wave IR (SWIR) FPAs.Advances in 
‘warm’ MCT technology at Raytheon’s Infrared 
Center of Excellence will permit IR performance 
featuring good signal-to-noise characteristics 
without the need to cool the FPA to the cryo- 
genic temperatures required in the past. 
The system uses an uncooled multispectral imag- 
ing FPA operating in a ‘pushbroom’ mode.This 
means it is integrated into one substrate (the 
focal plane assembly), including filters, readouts, 
and support electronics.The focal plane provides 
imagery in ten spectral bands over the visible 
and near-IR and SWIR regions. 
Technical progress 
MCT’s outstanding technical problems include 
non-optimal uniformity, high defect densities, and 
so on. However, there is competition in the IR 
focal plane array camera field.This comes in the 
form of quantum well infrared photodetectors 
(QWIPs) utilising inter-subband absorption 
between GaAs wells and AlGaAs barriers were 
perfected. Some observers reckon that QWIPs 
are superior to MCT HgCdTe and already QWIP 
arrays have come on to the market. 
Nevertheless, there is still room for MCT to make 
a market impact due to the shortcomings of the 
present generation of QWlPs.These relate to the 
responsivity of GaAs/AlGaAs QWIPs which is 
said to be inferior to that for MCT.To further 
improve the responsivity of QWIP detectors, 
new versions with GaInAsP wells or barriers of 
instead of AlGaAs have been developed.The mar- 
ket is thus going to be an interesting one as 
these families of devices are further developed 
and competition intensifies. 
IR detector researchers are improving the per- 
formance of arrays and striving to increase their 
operating temperature so as not to require exter- 
nal cooling.The latter is also a key step in mak- 
ing them cheaper, less bulky and easier to use. 
In order to meet these targets, work is being 
done on optimising device structures and there- 
by improve the signal to noise ratio, a key 
Figure I. The US Army M2B 
A3 Bradley Fighting Vehicle 
which shows that high per- 
formance detectors can be 
rugged enough for the battle- 
field. Enhancements provide 
for integration of the second- 
generation forward-looking 
infrared (FL/R) sensor with day 
television and direct view 
optics courtesy of CMT-based 
electronics. 
requirement for cooling.This is being done by 
making the devices smaller and improving the 
bandgap engineering via state of the art epitaxial 
techniques such as MBE. In this area as it is with 
other high performance devices such as violet 
laser diodes, controllable, effective doping is also 
required and much work is underway to perfect 
this for MCT detector arrays. 
MBE advantages 
MBE brings into prospect more complex het- 
erostructure-based multilayer bandgap-engi- 
neered MCT structures which will make possible 
multi- and hyper-spectral detectorsThese detec- 
tors permit on-pixel-aligned, spectrally-resolved 
detection over a range of wavelengths at the 
same time. Using MBE-based techniques materials 
have been prepared which are defect-free 
because the abrupt interfaces do not cause 
Ffgure 2. The A/M-9X 
Sidewinder mictile’s seeker 
view of the target prior to 
intercept. This extraordinary 
hrgh-resolution image IS an 
indicator of the advanced 
gufdance capability of AIM- 
9X enabling long-range 
acquisition and precise target 
intercept care of I/-VI FPAs. 
Figure 3. Four HA WAll&ZRG 
focaal plane arrays tiled into a 
2x2 mcsafc to create an array 
of 4096 x 4096 pixels. Each 
2048 x 2048 array is mount- 
ed in a gold-plated molybde- 
num carrier for thermal rella- 
b&y Wirebond ceramic 
edge connectors provide the 
Interface for flexible circuits 
to communicate with external 
electromcs. The mosaic hard- 
ware provides a three-point 
pseudo-kinematic mount 
allowing robust removai and 
mounting of /ndividua/ 2048 
x 2048 packages. 
strain-induced dcfccts or vacancies which usually 
arise from high diffusion gradients. 
Another requirement for the optimisation of the 
process fabrication sequence is to move away 
from wet etching. Several institutes have been 
working on use of techniques such as reactive 
ion etching which provides not only better uni- 
formity and control but also is more suited to 
mass production techniques. 
Further developmental efforts are aiming to 
extend the capabilities of today’s MCT detectors 
to provide multispectral response.As a result 
workers will look to epitaxy experts to provide 
novel QW-based structures in order to improve 
response, to lower internal noise sources and of 
course lower cost. 
MCT in space 
Thus it is not surprising that considerable inter 
est greeted a recent announcement from 
Rockwell Scientific of an award of two $2.2 m 
contracts-from Canada-France-Hawaii Telescope 
(CFHT) and Gemini Observatory-to fabricate and 
deliver, to each organization, MBE-based MCT 
2048 x 2048 short-wave IR sensor chip assem- 
blies on HAWAII-2RG multiplexers. 
Sets of four focal plane arrays will be “tiled” into 
2 x 2 mosaic configurations totaling 4096 x 4096 
pixels. One of the 4096 x 4096 mosaics will be 
installed in the CFHT Wide Field Infrared Camera 
(WIRCAM) instrument on Mauna Kea, Hawaii, 
and the other mosaic will be installed in the 
adaptive optics near-infrared imager on Gemini 
South in Chile. 
Development of large format, high sensitivity, 
mosaic infrared sensors for ground-based astrono- 
my is the goal of many observatories around the 
world.These contracts were awarded after CFHT 
and Gemini determined that RSC is the most 
qualified FPA supplier in the world to produce 
devices meeting their entire set of performance 
specifications. MCT deposited via MBE on lattice- 
matched substrates provides state-of-the-art detec- 
tors with extremely high performance, enabling 
very high sensitivity astronomical observations 
deeper and deeper into the universe. 
The HAWAB2RG is RSC’s newest and most advan- 
ced multiplexer circuit for astronomy. RSC 
designed this multiplexer to build the FPAs for 
possible use on NASA’s Next Generation Space 
Telescope (NGS’I), which will be the successor to 
the Hubble Space Telescope.The overall effort of 
developing the HAWAII-2RG multiplexer has been 
funded by NASA through the University of Hawaii. 
“We are pleased to have been chosen to make the 
FPAs for these two giants in the ground-based 
astronomy community. These devices will enable 
new science observations that have not been 
technologically possible before,” said Kadri Vural, 
VP of the Imaging division of Rockwell Scientific. 
In a similar vein, RSC and UMC successfully 
developed the HAWAII-2RG, a readout IC, or 
‘ROIC’.The 40 mm x 40 mm chip is being 
used with infrared detectors developed by RSC 
to produce astronomy FPAs with a base resolu- 
tion of 4.2 million pixels and mosaic resolution 
of 16.8 million pixels.Thes ehave been 
designed by RSC and fabricated by UMC based 
on its cutting edge mixed-mode CMOS process 
and precision stitching technique.The project 
was funded by the NASA Ames Research Center 
through a contract with the University of 
Hawaii. 
RSC produces the FPA by bonding the HAWAII- 
2RG readout to a matching 2048 by 2048 
infrared detector array fabricated in MCT The 
result is one of the world’s largest and highest 
performance infrared sensors, with 60% larger 
area than 35 mm film. 
Looking ahead 
As this brief overview of some of the problems 
and products of today’s MCT detectors has 
shown, II-VIs are a success. Moreover, with so 
many working worldwide to further improve 
process technology we can expect higher per- 
formance at lower cost in the short-to-medium 
term.As they successfully adapt techniques from 
the III-V’s and silicon fabs the way is becoming 
clearer for mass produced devices and arrays. In 
so doing II-VIs should fulfil their potential as 
multi-million dollar value market for a wide 
range of defence/aerospace and commercial 
applications. 
